The inclusion of psychological indicators in survey research has become more common because they offer the possibility of explaining much of the variance in sociological variables. The Big Five personality dimensions in particular are often used to explain opinions, attitudes, and behavior. However, the short versions of the Big Five Inventory (BFI-S) were developed for face-to-face surveys. Studies have shown distortions in the identification of the Big Five factor structure in subsamples of older respondents in landline telephone surveys. We applied the same BFI-S but with a shorter rating scale in a telephone survey with two subsamples (landline and mobile phone). Using exploratory structural equation modeling (ESEM), we identified the Big Five structure in the subsamples and the age groups. This finding leads us to conclude that the BFI-S is a powerful means of including personality characteristics in telephone surveys.
Introduction
Psychological indicators are being used increasingly in survey research as determining factors for the explanation of behavior and attitudes. Rammstedt (2007a) , for example, showed that a significant proportion of the variance of sociological variables of interest could be explained using personality dimensions. This holds true for very different social phenomena, such as political attitudes (Heaven and Bucci 2001; Saucier 2000; Van Hiel et al. 2004) , educational careers, career choices, the interaction of personality development and social relations, health history, and life course trajectories (Caspi et al. 2005; Goldberg et al. 1998) . One empirical question that needs to be addressed in this context is: with which instruments and modes or devices of data collection can personality structure be assessed efficiently -that is, as briefly, reliably, and validly as possible?
In situations where personality is the primary topic of interest, the measurement of these psychological variables requires long inventories. The original German-language version of the Big Five Inventory (BFI), for example, comprises 42 items (Lang et al. 2001; Rammstedt and John 2007) . However, in survey situations, where brevity is a high priority, an inventory of this length is too time consuming. Efforts have therefore been made to develop short inventories that can be easily applied in surveys (Gosling et al. 2003; Gerlitz and Schupp 2005, 204) .
Short versions of the BFI (with 10 or 15 items) have been used in large studies such as the International Social Survey Programme (ISSP), the German Socio-Economic Panel (SOEP), the British Household Panel Survey, the Household, Income and Labour Dynamics in Australia Survey (HILDA), and the German National Cohort. The Big Five personality dimensions represent a powerful means of analyzing interindividual differences in personality dimensions (Lang et al. 2011) . These five dimensions can be described as follows:
-Neuroticism refers to individual differences in the susceptibility to distress and the experience of negative emotions such as anxiety, anger, and depression. -Extraversion refers to individual differences in sociability, gregariousness, level of activity, and the experience of positive emotions. -Openness to experience refers to individual differences in the propensity for originality, creativity, and the acceptance of new ideas. -Agreeableness refers to individual differences in altruistic behavior, trust, warmth, and kindness. -Conscientiousness refers to individual differences in self-control, task orientation, and rule abiding (Taylor et al. 2010, a3-21 -a3-22) .
As the use of psychological variables in surveys becomes more common, mixed-device surveys are becoming more frequent as well. The utilization of several devices is aimed at taking advantage of the rapid technological progress for survey research (Toepoel and Lugtig 2015) . However, existing short scales for the measurement of psychological constructs have been developed and tested only for particular modes and/or devices of data collection -mostly for face-to-face interviewing with CAPI or PAPI. Hence, the question that arises is whether these short scales are also suitable for use in other modes and with other devices -for example mobile phone and landline phone surveys -and are therefore applicable in mixed-device surveys. Because surveys will be increasingly conducted using both landline and mobile phones, it is very important that the short version of the BFI applied is suitable for users of both devices. To determine whether this is the case, we incorporated a BFI-S into the CELLA2 study (acronym for CELl Phone and LAndline Phone Survey 2), in which telephone numbers for both samples were drawn from different frames, and interviews were conducted by mobile and landline phone. CELLA2 was conducted by GESIS -Leibniz Institute for the Social Sciences, Mannheim, Germany, and Dresden University of Technology, Germany, and was funded by a research grant from the German Research Foundation (DFG).
In an evaluation of possible mode effects among landline and mobile phone respondents in the CELLA surveys, Häder and Kühne (2010) showed that differences between the two subsamples in terms of response quality were not significant. Because the device used by respondents (landline vs. mobile phone) does not appear to have an influence on their answers, we expect to find the Big Five personality dimensions in both subsamples.
H2:
The Big Five structure of personality dimensions is reproduced in all age groups (age groups: 16-39, n ¼ 1,244; 40-59, n ¼ 1,133; 60 and older, n ¼ 514).
In 2005, Lang et al. (2011) used a short version of the BFI when conducting a landlineonly computer-assisted telephone interview (CATI) study with 1,200 respondents in which they applied a 15-item BFI-S with a seven-point rating scale. However, they observed distortions in the CATI assessment of the Big Five personality dimensions among older adults. One possible explanation is the assumption "that the mental workload of the telephone interviewing context would preclude valid self-report responses, since it requires listening to interviewers while reflecting responses on a 7-point rating scale" (Lang et al. 2011, 559) .
In CELLA2, we shortened the seven-point scale to a five-point scale in order to lighten the workload of answering the Big Five items. However, although the coarser scale reduces the cognitive effort required to find a satisfactory answer, it could lead to a loss of information.
Method
In CELLA2, 3,051 participants (aged 16-93 years, M ¼ 43.43, SD ¼ 16.52, 48% female) were interviewed about their telephone usage behavior. The questionnaire also included several items aimed at measuring data quality (e.g., question order effects, social desirability, and response stability; see Häder 2012; Kühne et al. 2009 ). In order to compare the two subsamples, 1,516 interviews were conducted via landline phone and 1,535 via mobile phone. Participants were randomly selected. The same instrument was used nationwide for both subsamples. The landline sample was drawn from the universe of possible landline numbers in Germany using simple random sampling (Gabler and Häder 2002) . The sampling frame comprised 139,366,300 numbers, from which 31,358 numbers were selected. For the selection of participants for the mobile phone survey, a modified RDD method was used (Gabler et al. 2012, 147ff.) . The sampling frame comprised 197,490,000 mobile phone numbers, from which 44,330 numbers were selected. Both samples were drawn by GESIS -Leibniz Institute for the Social Sciences in Mannheim, Germany. The fieldwork was carried out in the summer of 2010 by a commercial survey research firm and lasted six weeks. A maximum of 15 contact attempts was made for the gross sample (M ¼ 2.4, SD ¼ 2.42). Of the interviews, 42.3% were conducted on the first contact attempt and 23.3% on the second attempt. The mean duration of the interviews was 12.33 minutes. The following response rates according to AAPOR standards were realized: RR3 l ¼ 0.148 for the landline phone sample and RR3 m ¼ 0.117 for the mobile phone sample (Schneiderat and Schlinzig 2012, 124) .
As is also the case with telephone surveys in other countries, the mobile phone subsample of CELLA2 had a higher percentage of men, was younger than the landline subsample, and more mobile phone respondents were single. Furthermore, Schneiderat and Schlinzig (2012, 129) Schneiderat and Schlinzig 2012, 129) , in such a way that participants with a lower level of education were underrepresented. This is likely to be due only partly to the very low response rate in CELLA2 (approx. 10%), because in the 1990s, when response rates of up to 80% were reached in German social surveys, this bias was also observed (Koch 1998) .
In sum, the CELLA2 sample performed well in representing the subgroups of the survey's target population, as a comparison to official reference statistics shows (Schneiderat and Schlinzig 2012, 131) . Therefore, Schneiderat and Schlinzig (2012, 131) conclude: "The integration of a mobile sample by applying a dual-frame approach nearly always leads to better sample quality."
To apply the dual-frame approach in our study, the parameters described in Figure 1 are needed.
Following Gabler and Ayhan (2007) , the inclusion probability of the target person i is
These inclusion probabilities are used to construct both the Horvitz-Thompson estimator (design weighting) and the GREG estimator (design and adjustment weighting, adjusted for sex, age, and education; see Gabler et al. 2012, 163) . In order to maximize statistical power within age group comparisons, three age groups were defined: young adulthood from 16 to 39 years (total: n ¼ 1,244, M ¼ 27. To capture the Big Five personality dimensions it was important to choose the instrument most suitable for use in a telephone survey. One possibility was the very short and efficient ten-item BFI-S developed by Rammstedt (2007b) . Within the framework of the MOBILEPANEL project (see , we conducted a pretest of this instrument with a panel of n ¼ 203 persons who were interviewed via mobile phone. The results of the pretest showed that a more extensive instrument was needed for the telephone-based measurement of the Big Five because, even with ipsative data, exploratory factor analysis (EFA) failed to identify the five-factor structure. The personality dimensions were therefore measured using another short version of the BFInamely, a 15-item instrument that was constructed for the SOEP and was used in this context for the first time in 2005 (Dehne and Schupp 2007) . Whereas the SOEP presented the instrument visually (using a template) within the framework of a face-to-face interview, in our study CELLA2 it was administered by landline and mobile phone. To avoid overburdening the respondents, the response scale was reduced from seven to five scale points (1 -strongly disagree, 5 -strongly agree; Lang et al. 2011; Dehne and Schupp 2007, 8) . Similar to Lang et al. (2011, 554 ), Cronbach's alpha values for the BFI-S scales were low, reflecting the brevity of the three-item scale and the width of these broad constructs (Neuroticism a ¼ .52, Extraversion a ¼ .60, Openness a ¼ .55, Agreeableness a ¼ .45, Conscientiousness a ¼ .52). As Gosling et al. (2003) demonstrate by comparing Cronbach's alpha values to test-retest reliability values in a ten-item Big Five measure, Cronbach's alpha might not be the right indicator to evaluate reliability for very brief scales due to an underestimation of the true reliability. However, an evaluation of the testretest reliability was not possible in CELLA2 due to the design of the study. To avoid possible sequence effects, the items of the BFI-S were presented in random order. This randomization was implemented by the CATI software and changed with every participant. Within the questionnaire, the BFI-S was situated after a set of items concerning telephone usage behavior and was followed by other personality measures.
In the 2005 SOEP study, over 20,000 people were interviewed with this instrument. Therefore it was used as a reference for the CELLA2 results. The response rate of the SOEP is about 50% (see Goebel et al. 2008) , which is significantly higher than that of CELLA2 (approx. 10%). Table 1 shows the results of the comparisons of the item means of the BFI-S between the two studies.
Overall, it can be seen that the differences between the SOEP and CELLA2 can be regarded as small. They do not exceed less than half a scale point on the seven-point scale. This indicates a satisfactory quality of the realized CELLA2 sample, despite the low response rate. A further comparison of the sample means for the BFI-S items in CELLA2 using the Horvitz-Thompson estimator and the GREG estimator did not reveal a general tendency that could be interpreted as an improvement or deterioration of the estimators (see Table 2 ). Therefore, in our next model-based analyses we forgo the use of weights.
Statistical Analysis for Testing Measurement Invariance
To compare the landline and mobile phone samples within the total sample and across the three different age groups (young adulthood, middle adulthood, late adulthood), we conducted exploratory structural equation modeling (ESEM) analyses using Mplus (Version 7, Muthén and Muthén 2012) to test for measurement invariance of the short version of the Big Five Inventory (BFI-S). In the ESEM procedure, a model is estimated on the basis of an a priori postulated number of factors, thereby combining the advantages of EFA and confirmatory factor analysis (CFA). Within the procedure all factor loadings, item intercepts, and item uniquenesses are estimated. It is also possible to evaluate the fit 
items adapted by multiplying by 7/5; Sources: data set GREG weighted. (Hopwood and Donnellan 2010) . We used oblique Geomin rotation, following Marsh et al. (2010) . Geomin rotation is recommended when indicators have substantial loadings on more than one factor (Browne 2001; Muthén and Muthén 2012) , which is often the case with the Big Five model (Hopwood and Donnellan 2010) . To evaluate model fit, the maximum-likelihood estimator (ML) with conventional standard errors and chi-square test statistic was used. Compared to other estimators (e.g., maximum-likelihood estimator with robust standard errors, MLR), the ML chi-square test statistic can be used easily for chi-square difference testing and therefore for multiple-group comparisons. However, ML requires a large sample size and multivariate normal distribution. Considering that the response format was ordered categorical, normal distribution could not be ensured for all variables. However, in large samples ML has proved to be relatively robust even when slight deviations from the normal distribution occur (West et al. 1995; Ximénez 2006) . Nevertheless, all models were calculated with the maximum-likelihood estimator with robust standard errors (MLR), as well. The results did not differ substantially between ML and MLR. In the following section, we report the results of the calculations using Geomin rotation and the maximum-likelihood estimator. Listwise deletion was used to handle missing data because the percentage of missing data was very small and missing data were missing completely at random (Little's MCAR test: p ¼ .992; chi-square ¼ 13,153, df ¼ .28; Little 1988) . Comparably to SEM, within the ESEM procedure we can test whether an a priori postulated model fits the data.
Chi-square tests were used to test for model fit and a nonsignificant result was regarded as the indicator of a fitting model. However, chi-square test results are influenced by sample size (Tucker and Lewis 1973) . Therefore, we used goodness-of-fit indices, which are considered to be relatively robust even in the case of sample size differences. To evaluate model fit, the Comparative Fit Index (CFI), the Tucker Lewis Index (TLI), the Root Mean Square Error of Approximation (RMSEA), and the Standard Root Mean square Residual (SRMR) were used. CFI and TLI values greater than .90 and .95 indicate acceptable and excellent data fits, RMSEA values less than .05 and .08 indicate close and reasonable fits, and SRMR values less than .06 and .10 indicate close and reasonable fits, following common guidelines for the evaluation of model fits to the data (see Marsh et al. 1988; Hu and Bentler 1999; Marsh et al. 2004) .
To test for differences between the subsamples (landline vs. mobile phone), ESEM multiple-group analyses were conducted. Five different models of measurement invariance were compared within the total sample and within the three different age groups following Lang et al. (1) Configural invariance is the least demanding model; it imposes no invariance constraints at all. It is used to establish a baseline condition according to which the five-factor structure exists in the two different model groups (landline vs. mobile). (2) Weak invariance constrains the factor loadings to be invariant across the two different model groups. (3) Strong invariance constrains the factor loadings and the item intercepts to be invariant across the two groups. A rejection of this model implies different item functioning (i.e., different item means between the two groups cannot be explained merely by differences at the factorial mean levels). (4) Strict invariance constrains the factor loadings, the item intercepts, and item uniquenesses to be invariant across both groups. A rejection of this model indicates that differences exist in the measurement errors across both models. (5) In the last model, factor loadings, item intercepts, item uniquenesses and factor means are constrained to be equal.
In order to determine the more parsimonious model, Bentler (1990) suggested the testing of nested models using chi-square difference testing. However, this procedure is also dependent on sample size (Brannick 1995) . Therefore, the examination of changes in fit indices is also used as an alternative to this procedure (Cheung and Rensvold 1999; Chen 2007) . According to Chen (2007) , a more parsimonious model is supported if the CFI change is less than .01 or the RMSEA change is less than .015. According to Marsh et al. (2009) , equally good or better TLI and RMSEA values compared to the less restrictive model are a more conservative criterion for the more parsimonious model. Table 4 .
Results
In the total sample, fit indices of the ESEM multiple-group analysis (landline vs. mobile) showed close fit for the configural-invariance model and for the weak measurement-invariance model. A comparison of the fit indices of the two models indicated model improvement favoring the weak invariance model. Chi-square difference testing revealed no differences between the two models (chi-square/df ¼ 41,863/50, p ¼ .787, n.s.). The fit indices of the strong-invariance model also showed a close model fit. Compared to the weak invariance model, fit indices remained essentially stable. Chi-square difference testing revealed a significant disparity between the two models (chi-square/df ¼ 25,830/10, p ¼ .004). However, the differences between the CFI values of the strong measurement and the weak measurement-invariance model were less than .01 and a chi-square difference test between the strong-and the configural-invariance model revealed no differences (chi-square/df ¼ 67,693/60, p ¼ .231, n.s.). The strict measurement-invariance model also proved satisfactory. Compared to the 
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strong-invariance model and the configural-invariance model, chi-square difference testing revealed significant differences (chi-square/df ¼ 30,204/14, p ¼ .007; chi-square/df ¼ 97,897/74, p ¼ .033). However, compared to the strong-invariance model, there were no CFI changes greater than .01, and TLI and RMSEA values also remained stable. The test of the model for strict invariance and fixed factor means was also satisfactory. Compared to the strict-invariance model and the configural-invariance model, chi-square difference testing revealed significant differences (chi-square/df ¼ 11,321/5, p ¼ .045; chi-square/df ¼ 109,218/79, p ¼ .014). However, there were no CFI changes greater than .01 compared to the strict-invariance model, and TLI and RMSEA values also remained essentially stable.
Regarding the complete sample, the comparison of the five models of measurement invariance supports the assumption of equal factor loadings, equal item intercepts, equal item uniquenesses, and equal factor means for the landline and mobile phone samples.
In the next step we tested for measurement invariance for the landline and mobile phone samples for different age groups. The Geomin rotated loadings representing the Big Five factor structure for the three age groups and fit indices are reported in Table 5 . TLI and CFI indices show at least acceptable fits; RMSEA and SRMR indicate close fits. Once again, the solutions are almost textbook-like.
Measurement Invariance in Young and Middle Adulthood
The fit indices of the ESEM multiple-group analysis (landline vs. mobile) are reported in Table 6 for the young adulthood sample, and in Table 7 for the middle adulthood sample.
With regard to the young and middle adulthood groups, the comparison of the five measurement-invariance models supports the assumption of equal factor loadings, equal item intercepts, equal item uniquenesses, and equal factor means for the landline and mobile Item was recoded (inversed).
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phone samples, with fit indices showing excellent fits and remaining essentially stable across the different models. Chi-square difference testing also revealed no differences.
Measurement Invariance in Late Adulthood
Finally, we tested measurement invariance of the BFI-S across the two sampling modes in later adulthood (i.e., 60 years and older). Neither the configural-invariance model nor the single-group ESEM model showed any convergence for the mobile phone respondents, due to one item that had a negative residual variance leading to a nonpositive definite covariance matrix. After checking item covariances and correlations, we were able to rule out multicollinearity and linear dependency as alternative explanations. These results are consistent with those obtained by Lang et al. (2011) , who compared measurement invariance of the 15-item BFI-S in early, middle, and late adulthood across different modes of data collection (CATI, face-to-face interviewing, self-administered questionnaires). They too observed distortions in the results of the CATI assessment of the Big Five dimensions in older adults. Lang et al. (2001) suggested two possible explanations for these distortions -namely: a) that they might be due to the fact that the mental workload of the telephone interviewing context caused by the seven-point rating scale led to invalid selfreports, as it might be difficult for older adults to listen to the interviewer and reflect on possible responses on a seven-point rating scale at the same time, and b) that the costs of the greater workload would manifest themselves in greater variability in item responses, which might result in a reduced likelihood of identifying the expected five-factor structure.
To simplify the assessment situation and to reduce the mental workload for older adults, we used a five-point rating scale. In contrast to the results of Lang et al. (2011, 558f.) Therefore, the simplification of the assessment situation by using a five-point rating scale may have helped older respondents to handle the telephone interviewing situation better -at least in the landline sample. By contrast, the mobile phone setting might be more difficult for older respondents. According to Lang et al. (2011) , the distortion of selfreport responses due to a higher mental workload might be a problem for less-educated older respondents in particular. They therefore conducted ESEM analyses excluding older adults with only eight or nine years of education from the CATI sample, which allowed them to successfully test for measurement invariance across the three different conditions. Following Lang et al. (2011) , we also excluded ten respondents who did not have any school graduation qualifications from the mobile phone sample, and then tested for measurement invariance for the landline and mobile phone samples.
The fit indices of the ESEM multiple-group analysis for the late-adulthood sample are reported in Table 8 .
The configural-invariance model, the weak measurement-invariance model, the strong-invariance model, and the strict-invariance model showed excellent fits as evidenced by nonsignificant chi-square difference tests. Multiple-group comparison also revealed no differences between the first three models, as evidenced by nonsignificant chi-square difference tests as well as fit indices which remained essentially stable. However, chi-square difference testing revealed significant differences in the strictinvariance model compared to the strong-invariance model (chi-square/df ¼ 24,963/14, p ¼ .035) and the configural model (chi-square/df ¼ 98,757/74, p ¼ .029). The CFI change was .01. Differences in fit indices between the strict-invariance model and the strong-invariance model also revealed no improved parsimony. The strict-invariance model (with fixed factor means) showed reasonable fit. Chi-square difference testing revealed no significant differences between the strict-invariance model with fixed factor means and the strict-invariance model (chi-square/df ¼ 7,195/5, p ¼ .207, n.s.). However, compared to the configural-invariance model, differences were significant (chi-square/df ¼ 105,952/79, p ¼ .023). Compared to the strict-invariance model fit indices remained essentially stable.
Comparing the five measurement-invariance models supports the assumption of equal factor loadings and equal item intercepts. However, the assumption of equal item uniquenesses and equal factor means is not supported. This indicates the existence of differences in measurement error in the landline sample compared to the mobile phone sample. Moreover, factor means may not be invariant across these two assessment conditions among older respondents.
Discussion
The results support our hypotheses H1 and H2. We were able to demonstrate that the Big Five personality dimensions were represented in both the landline and mobile phone samples. We were also able to show that these dimensions were reproduced in all three age groups of the respondents. Hence, our research results are not consistent with those of Lang et al. (2011) , who questioned the suitability of the BFI-S for use in telephone surveys that include older adults. The fact that, in contrast to Lang et al.'s study, the BFI-S also yielded satisfactory results in the older adults group may be due to the fact that we used a five-point rather than a seven-point rating scale, which may have considerably reduced the mental workload of answering the questions. However, we also found that some models for testing measurement invariance did not fit for the entire older adult population (mobile phone sample). This finding is consistent with the results of Rammstedt et al. (2010) , who found that in subgroups with no, low, or intermediate secondary education, the Big Five structure could not be identified as expected. However, in samples with higher secondary education, the five-factor structure replicated clearly. According to the authors, these factor structures appear to be highly sensitive to a person's educational level.
A second methodological problem concerning the Big Five personality dimensions is acquiescence response bias (Rammstedt et al. 2013) , which increases with age. Interestingly, the problems representing the Big Five factor structure for older and/or lesseducated respondents occur not only in telephone samples, but also in the samples of the 2004 and 2006 ISSP who completed a self-administered questionnaire (Rammstedt et al. 2010) . To reduce this effect, it might be helpful to use ipsative data.
Another limitation of our study arises from the possibility that older people's skills in participating in telephone surveys might have changed since 2005, when the data were collected on which Lang et al.'s (2011) study was based. Therefore, it is not possible to determine with certainty whether (a) the five-point rating scale actually works better, or (b) older adults have become more adept at taking phone surveys. The ideal way to test this would be to randomly assign people to a five-or seven-point scale.
In sum, we were not able to substantiate concerns expressed by Lang et al. (2011) regarding the use of the BFI-S in age-heterogeneous telephone samples in general. On the contrary, we would encourage survey researchers to make more use of such inventories because in many cases personality traits are important determinants of behavior and attitudes. Our findings lead us to conclude that in both landline as well as mobile phone surveys the application of the 15-item BFI-S works sufficiently.
